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ABSTRACT 


A  CAD/CAM  system  is  described  in  which  a  Data  General  MV4000 
computer  serves  as  a  hardware  platform  for  Unigraphics  software. 
A  paper  tape  punch  facility  is  replaced  by  a  floppy  disk  file 
storage  system.  Commands  for  storing,  editing  and  reading  files 
on  the  floppy  disk  are  described,  and  the  file  structure  required 
for  a  Matsuura  CNC  machine  and  Fanuc  controller  are  included.  The 
device  also  replaces  the  tape  reader  on  the  CNC  machine  by  means 
of  a  parallel  port. 


RfeSUMfe 

Un  systeme  CAO/FAO  est  decrit  dans  lequel  un  logiciel 
Unigraphics  est  utilise  via  un  ordinateur  Data  General  MV4000.  La 
bande  perforee  fut  remplacee  par  un  systeme  de  fichiers  sur  disques 
souples.  Les  commandes  de  stockage,  d' edition  et  de  lecture  des 
fichiers  sur  disques  souples  sont  presentds  et  la  structure  des 
fichiers  pour  une  machine  Matsuura  CNC  et  un  contrdleur  Fanuc  sont 
inclus.  Le  dispositif  remplace  aussi  le  lecteur  de  bande  sur  la 
machine  CNC  par  le  biais  d'une  connexion  parallele. 
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EXECUTIVE  SUMMARY 


Modification  of  the  computer-aided  design  and  manufacturing 
facility  at  DREO  is  described.  Paper-tape  punching  is  replaced 
with  data  storage  on  diskettes  and  the  method  of  setting  up  files 
for  a  Matsuura  Computer  Numerical  Control  (CNC)  machine  with  a 
Funac  controller  is  described.  Gains  in  ease  and  speed  of 
manufacturing  result.  Methods  of  expanding  the  applicability  of 
this  arrangement  to  any  CNC  machine/controller  combination  are 
shown. 
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1.0  INTRODUCTION 

CAD/ CAM  (or  Computer-Aided  Design  and  Manufacturing)  is  one 
of  the  computer  technologies  of  the  1980s  whose  development  and 
expansion  have  changed  "he  face  of  engineering.  Since  digital 
computers  first  appearc  .  in  the  1940s  advances  in  solid  state 
physics  have  reduced  the  size  of  computing  machines  by  many  orders 
of  magnitude  and  increased  their  speed  of  operation  and  capacity 
to  store  data  accordingly. 

The  first  device  that  could  be  called  a  modern  computer  was 
developed  in  1946  by  the  U.S.  Navy.  This  was  ENIAC  (the  Electronic 
Numerical  Integrator  and  Calculator) .  The  technology  was  based  cn 
vacuum-tubes  and  was  capable  of  multipying  two  10  digit  numbers  in 
l/40th  of  a  second  (1).  With  the  introduction  of  solid-state 
devices  (transistors)  in  the  early  1950s,  this  computation  time  had 
been  reduced  to  1/100, 000th  of  a  second.  These  new  devices  were 
physically  far  smaller  than  the  vacuum-tubes  they  replaced,  and 
produced  far  less  waste  heat,  so  that  each  gain  in  processing  speed 
was  matched  by  a  reduction  in  size. 

This  process  of  miniaturization  accelerated  in  the  1970s  with 
the  introduction  of  integrated  circuitry.  This  technique  consisted 
of  vacuum-depositing  many  layers  of  semiconducting  materials  in 
patterns  so  that  electronic  circuits  could  be  built  up.  By  the 
1980s,  this  technology  had  advanced  to  the  point  where  millions  of 
transistors  and  other  devices  could  be  contained  on  one  chip. 

In  the  early  days  of  computing,  instructions  were  written  in 
machine  language  (long  strings  of  binary  digits),  which  was  a 
specialized  and  difficult  procedure.  Programming  was  made 
considerably  simpler  with  the  introduction  of  symbolic  code  wherein 
certain  Engl i3h-l ike  commands  would  stand  for  several  instructions 
in  machine  language.  The  languages  FOPTRAN  and  COBOL  were 
developed  ir.  the  19  50s  and,  although  they  are  more  than  JO  years 
old,  they  have  been  considerably  enhanced  in  recent  years,  and  are 
still  in  widespread  use  today. 

The  development  of  interactive  graphics  began  with  project 
Sketchpad  in  the  early  1960s  at  the  Massachusetts  Institute  of 
Technology.  Hare,  a  cathode  ray  tube  (CRT)  was  connected  to  a 
computer  and  data  input  was  achieved  by  means  of  a  light  pen 
contacting  the  screen.  Computer  commands  then  took  this 
information  and  constructed  lines,  circles,  arcs  and  other 
geometric  entities  (2).  Using  these  techniques  an  engineering 
designer  can  generate  a  display  on  the  screen  and  a  hard  copy  of 
'.no  finished  drawing. 

Moat  of  the  early  development  of  CAD  (or  computer-aided 
design)  systems  came  from  the  large  automotive  and  aerospace 
industries.  Only  those  companies  possessed  sufficient  capital  for 
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the  investment  in  large-scale  computing  facilities.  Boeing, 
General  Motors  and  McDonnell  Douglas  all  produced  CAD/ CAM  systems 
for  engineering  design.  Only  with  the  advent  of  high-performance 
chips  and  minicomputers  did  CAD/CAM  become  a  viable  option  for  the 
smaller  engineering  companies. 

Interactive  graphics  had  to  reach  a  certain  stage  of 
sophistication  before  investment  in  such  technology  became 
attractive  as  far  as  the  general  marketplace  was  concerned.  The 
very  first  computer-driven  graphics  display  was  operational  as  long 
ago  as  1950  in  MIT's  Whirlwind  I  computer  but  had  no  interactive 
capability  (3) .  In  1962  Ivan  Sutherland  of  MIT  published  a  Ph.  D. 
thesis  entitled  "Sketchpad:  A  Man-Machine  Graphical  Communication 
System"  marking  the  true  beginning  of  interactive  graphics  (4)  . 
A  computer  graphics  display  consists  essentially  of  a  frame  buffer, 
a  digital  memory  that  stores  an  image  of  the  display  controller 
that  passes  the  information  in  the  frame  buffer  to  the  screen  (5)  . 
In  order  to  prevent  flicker,  the  image  must  be  refreshed  at  least 
30  times  a  second. 

This  was  technically  difficult  to  do  until  large-scale  cheap 
memory  became  available  in  the  early  1980s.  With  that 
technological  barrier  overcome,  considerable  effort  was  put  into 
designing  software  to  perform  a  wide  variety  of  engineering  tasks: 
electronic  circuit  board  design,  mechanical  engineering, 
architecture  and  cartography  among  others.  Hard-copy  output  may 
be  generated  by  means  of  plotters  that  are  also  directly  controlled 
by  the  computer.  Algorithms  were  rapidly  developed  to  generate 
curves  (parabolas,  hyperbolas,  splines  etc.)  and  surfaces.  A 
comprehensive  survey  of  the  necessary  geometry  may  be  found  in 
references  (6)  and  (7). 

For  mechanical  engineering,  the  need  to  automate  the  machining 
process  generated  radical  new  ideas  on  the  shop  floor.  N/C,  or 
numerical  control,  began  in  1947  when  J.C.  Parsons  of  the  Parsons 
Corporation  used  punched  cards  to  drive  a  machine  cutting 
helicopter  rotor  blades.  In  1952,  the  Massacusetts  Institute  of 
Technology  developed  the  first  N/C  milling  machine,  a  modified 
Cincinnati  Hydrotel,  and  the  term  "numerical  control"  was  born(8). 
By  1962,  the  capabilities  of  N/C  machines  included  accuracies  of 
0.001  inches  per  foot. 

N/C  machines  today  have  become  CNC  (computer  numerical 
control)  machines.  They  have  capabilities  that  allow  three-,  four- 
and  five-axis  movement  enabling  complex  curvatures  to  be  cut  with 
accuracies  approaching  0.0001  inch  (0.00254  mm). 

To  perform  such  functions,  these  machines  have  to  be 
programmed.  A  language  was  developed  for  exactly  this  purpose 
called  APT  (Automated  Programming  of  Tools).  This  language 
consists  of  descriptors  to  label  points,  lines,  arcs  and  some 
curves  and  instructions  for  the  motion  of  the  cutting  tool  which 
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is  governed  by  the  geometry  of  the  part.  These  instructions  are 
sent  by  the  machine  controller  to  the  N/C  machine.  APT  programs 
may  be  written  by  hand  or  generated  by  computer.  Most  modern 
CAD/CAM  systems  now  have  the  capability  to  generate  APT  source  code 
for  complex  geometry  models.  This  APT  code  is  still  not  of 
immediate  use  to  a  CNC  machine  as  it  has  to  be  post-processed  for 
a  particular  machine/controller  combination.  This  process  defines 
the  degrees  of  freedom  of  the  system,  the  number  of  axes  required, 
the  type  of  cutters,  the  spindle  speed  and  a  host  of  other 
parameters.  Every  CNC  machine/conl  ‘oiler  combination  has  different 
post-processor  requirements. 

The  information  produced  to  drive  the  machine  is  finally 
punched  on  paper  tape  in  ASCII  format.  This  is  then  read  into  the 
machine's  memory  for  execution. 

The  paper  tape  _s  relatively  large,  bulky  and  prone  to  error. 
Further,  compared  to  magnetic  disks  and  diskettes,  the  density  of 
data  stored  is  very  low.  Coupled  with  this  is  the  parallel  problem 
that  the  memories  of  CNC  machines  are  very  small  and  expensive  to 
enlarge.  To  solve  this,  some  device  is  required  that  stores  vastly 
more  information  than  paper  tape,  that  can  supply  data  steadily  and 
indefinitely  to  the  CNC  machine,  and  is  not  prone  to  significant 
read  error  problems.  This  problem  was  approached  with  diskette 
technology. 

The  major  defects  in  the  paper  tape  technology  to  be 
surmounted  were  inadequate  memory  for  anything  but  the  simplest 
surfaces,  bulk,  error-prone  punching  and  reading  techniques,  and 
lack  of  speed  in  transferring  data  to  and  from  the  computer  and  the 
CNC  machine. 

The  CAD/CAM  facility  at  DREO  uses  a  Data  General  MV4000 
Eclipse  computer  as  a  hardware  platform  for  Unigraphics  CAD/ CAM 
software.  This  combination  is  used  for  a  variety  of  purposes 
including  the  design  of  protective  equipment  and  the  modelling  of 
anthropometric  data.  The  anthropometric  data  is  gathered  with  a 
view  of  developing  a  method  of  using  computer-aided  design  systems 
to  modal  the  data  and  develop  average  shapes  as  a  basis  for  future 
design  purposes.  Thus  data  would  be  gathered  by  some  form  of 
remote  sensing  such  as  a  laser  scan,  assessed  as  digital  data  and, 
through  a  variety  of  software  techniques,  new  shapes  could  be 
generated  that  would  serve  as  the  basis  of  a  design  process. 

The  computer-aided  design  system  is  capable  of  generating 
command  files  for  computer-controlled  numerical  machines  (CNC 
machines)  to  cut  arbitrary  shapes  using  three-,  four-  and  five-axis 
machines.  Data  fcr  simple,  analytical  shapes  are  relatively  simple 
to  represent  by  point-to-point  data  files  of  manageable  length, 
whan  complex  geometry  is  considered,  meaning  geometry  of 
continuously  varying  curvatures,  such  as  a  human  face,  then  the 
data  files  become  very  large.  when  this  happens,  it  becomes 
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difficult  to  put  these  files  on  the  paper  tapes  that  are  usually 
us  i  as  the  data  input  for  CNC  machines. 

2.0  SYSTEM  CHANGES 

The  above  problem  can  be  solved  by  changing  the  paper  tape 
data  storage  system  to  a  floppy  disc  storage  device.  When  the  data 
is  stored  in  this  fashion,  it  occupies  a  fraction  of  the  volume  and 
may  be  transmitted  at  much  higher  rates  to  the  CNC  machine 
directly.  Figure  1  shows  a  schematic  of  the  CAD/CAM  arrangement 
with  a  paper  tape  punch.  The  RS232  connections  to  -he  punch  will 
support  the  CNC  Minifile,  a  floppy  disc  substitute  for  the  punch, 
the  device  is  manufactured  by  Greco  Systems,  37'  Coogan  Way,  El 
Cajon,  CA  92020. 

2.1  PROCEDURE  FOR  PRODUCING  PUNCHED  TAPE 

We  begin  with  a  surfaced  model  in  Unigraphics.  Enter  the 
Manufacturing  Module  and  execute  the  commands  MILL,  PARAMETER  LINE. 
’Farameter  line’  is  a  command  that  allows  several  surfaces  to  be 
joined  together  and  treated  as  one  as  far  as  the  machining 
processes  are  concerned.  The  surface  gradients  and  edges  have  to 
match  within  a  specified  tolerance.  This  tolerance  must  not  be  set 
too  tightly  or  no  match  will  be  possible.  It  is  a  quirk  of  the 
software  that  these  may  be  set  as  low  as  one  millionth  of  an  inch 
(0.0000254  mm) . 

This  mode  of  producing  CNC  cutter  paths  from  surfaced 
models  relies  on  the  spline  curve  structure  of  the  surface  geometry 
as  data  input.  Knowledge  of  how  the  part  is  to  be  manufactured  is 
essential.  It  is  easy  to  give  the  machine  instructions  that  render 
it  impossible  to  manufacture  the  part  in  reality.  This  knowledge 
must  be  incorporated  with  the  information  demanded  of  the  tool  path 
generation  process:  that  is,  tool  dimensions  which  are  essential 
for  computing  tool  center  offsets  and  the  type  of  milling  (zig-zag, 
or  area  etc.)  requested  by  the  designer  or  required  by  the  part. 

All  this  information  is  codified  in  the  postprocessing 
sequence  where  the  cutter  location  information  is  translated  into 
point-to-point  instructions  for  a  particular  CNC  machine  and 
controller  combination.  The  process  is  illustrated  in  Figure  2. 

When  this  process  is  completed,  the  information  is  ready 
to  be  punched  to  paper  tape.  This  is  done  by  means  of  a  program 
•  X LA TOR ’  resident  on  the  AOS/VS  operating  system.  XLATOR  will 
punch  tape  in  EIA  or  MCD  code  and  in  7-  or  8-  bit  formats.  The 
data  is  then  pasned  to  the  terminal  f  CONS  at  600  baud  and  punched 
on  a  FACIT  4070  tape  punch. 
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The  quantity  of  data  that  may  be  stored  on  a  reel  of 
paper  tape  is  not  great,  especially  if  one  is  dealing  with  parts 
having  complex  geometry.  A  few  hundred  feet  of  tape  that  requires 
one  inch  for  only  twelve  characters  is  inherently  limited. 

2.2  MINIFILE  DISC  SYSTEM 

The  minifile  disc  system  allows  the  paper  tape  to  be 
removed  from  the  system.  It  enables  the  punch  data  to  be  stored 
on  a  floppy  disc  and  to  be  fed  into  a  CNC  machine  controller 
through  a  parallel  port  reader.  The  device  consists  basically  of 
a  disc  drive  which  is  IBM  AT-compatible,  two  RS-232  ports,  one 
parallel  port,  and  a  keyboard  numeric  pad  for  inserting  commands 
to  control  the  device. 


The  discs  used  by  the  system  are  double-sided  floppy 
diskettes  using  a  soft-sector  format.  They  hold  360  KB  of 
information  which  is  equivalent  to  3000  feet  of  paper  tape.  The 
system  contains  a  command  structure  that  enables  disc  formatting, 
file  maintenance  and  some  data  editing  to  enable  the  shop  floor  CNC 
machine  operator  to  correct  minor  errors. 

The  FACIT  paper  tape  punch  was  disconnected  and  the 
Minifile  connected  to  the  same  RS232  port  (RC0N5  in  the  Data 
General  format) .  The  data  transmission  speed  was  changed  to  9600 
baud.  This  could  be  performed  by  changing  the  set-up  commands  ir. 
the  UP  macro,  executed  at  system  start-up,  or  when  required  at  the 
operator  console.  Either  way  the  command  CHAR/DEF/BAUD“9600  t*C0N5 
resets  the  transmission  speed  at  the  requisite  port  where  @CONn  is 
the  port  descriptor. 

The  Mini  file  was  prepared  to  accept  the  punch  data  in  the 
following  way.  Channel  0  was  selected  for  data  input.  Channels 
0  and  1  represent  the  serial  ports  and  channel  2  the  parallel  pert. 
For  the  particular  machine/controller  combination  (Matsuura  1000V 
and  Fanuc  6  controller)  the  commands  entered  were: 


Select  channel  0: 

Set  Text  File  type: 
Line  Feed  output: 

El A  Conversion: 

LF  to  CR  Conversion: 
Set  Switch  Register: 
Set  Reader  Speed: 
Save  Parameters 


49*  0* 

51*  1*  (Enabled) 

521  1*  (Enabled) 

53*  0*  (Disabled) 

55*  II  (Enabled) 

801  1010  0110  1000  1011* 
82*  500*  (Character  speed) 
42*  Wait  for  signal 


Files  can  be  named  with  numeric  or  letter  characters  eg. 
a  file  101. TXT,  if  entered  with  the  2*  commend  generates  a  nk  Ic 
name  or  if  entered  with  the  7*  commend  qeneratee  a  letter  label. 
The  file  type  commend  determines  if  the  file  created  will  be  e 
binary  or  text  file  (with  .BIN  or  .TXT  as  e  suffix). 
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FIGURE  2:  Schematic  of  Machining  Fila  Ganaraticn  Procadura 
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The  line  feed  output  and  the  line  feed  to  carriage  return 
conversion  (commands  52#  and  55#)  must  be  enabled  to  ensure  both 
are  transmitted  when  storing  files  on  the  diskette.  If  the  correct 
combination  is  not  present,  the  machine  controller  will  not  be  able 
to  read  the  files  as  separate  records. 

The  EIA  conversion  (command  53#)  is  disabled  as  the 
XLATOR  program  generates  data  in  this  format.  If  the  source  were 
in  ASCII,  then  the  conversion  would  be  enabled  to  ensure  that  the 
data  were  in  EIA  code  when  stored  on  the  diskette.  This  is 
essential  for  readability  by  the  controller. 

When  data  is  being  downloaded  on  to  the  Minifile,  that 
is,  when  it  is  in  tape  punch  emulation  mode,  the  1#  command  is  used 
to  open  and  define  the  file;  the  data  are  downloaded  by  means  of 
the  XLATOR  program  to  the  diskette;  and  then  the  file  closed  using 
the  3#  command.  Command  4#  will  display  the  number  of  free  blocks 
on  the  diskette  at  any  time. 

In  order  to  reduce  to  a  minimum  the  amount  of  editing 
required  on  the  shop  floor,  the  file  headers  and  footers  are 
inserted  by  means  of  the  line  editor  in  GRIP.  This  is  done  after 
the  punch  files  (+.PTP  suffix)  have  been  produced  and  before  they 
are  downloaded  on  to  the  Minifile  diskette.  The  header  file 
inserted  is  as  follows; 

******File:  1 : MATSUURA . STR 

% 

00000<LF> 

G00G17G2OG22G40G49G54G64<LF> 

G80G91G94G98M77<LF> 

G28  ZO.  M38<LF> 

G28  XO.  YO.  M48<LF> 

MOO<LF> 

(TITLE  OR  COMMENTS) <LF> 

M06  T<LF> 

M03  ST<LF> 

G90G00  G43  Z+2.0  H<LF> 

XO . 0Y0 . 0<LF> 

The  footer  file  inserted  is  as  follows: 

******File:  1; MATSUURA. END 
G90  GOO  Z+3.0  M09<LF> 

G80  G40  MO 5  G28  Z-2.0<LF> 

M46<LF> 

M20<LF> 
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The  "<LF>"  that  ends  each  line,  that  is,  the  line  feed 
character,  must  be  inserted  as  four  distinct  characters  so  that  the 
XLATOR  tape  punch  software  will  correctly  translate  the  end-of-line 
characters  in  the  .PTP  files  before  the  file  is  downloaded  to  tape 
or  diskette. 

These  files  set  up  the  machine  parameters  required  for 
the  work  eg,  G90  or  91  determines  whether  the  motion  will  be 
absolute  or  incremental.  M30  at  the  end  denotes  a  rewind  command. 
A  description  of  the  G-codes  and  M-codes  for  the  Matsuura  CNC 
machine  and  its  Fanuc  controller  is  given  in  Appendix  A.  This  is 
included  as  some  G-codes  are  universal  and  some  are  user-defined 
and  some  are  global  while  others  are  local  as  far  as  the  CNC 
machine  controllers  are  concerned. 

When  the  device  is  being  used  as  a  tape  reader  emulator, 
the  parameters  have  to  be  reset,  e.g.  active  channel  (49#)  must  now 
reflect  the  use  of  the  parallel  port  (2#).  The  50-pin  Telco-type 
connector  is  the  physical  interface  that  replaces  the  tape  reader. 
The  circuit  card  on  the  end  performs  some  functions  such  as 
simulation  of  mechanical  reader  contacts.  Some  parameters  have  to 
be  set  at  the  Minifile  control  panel  itself  e.g.  reader  speed  and 
signal  timing.  When  the  device  is  again  transferred  to  be  used  as 
a  tape  punch  emulator,  these  parameters  have  to  be  reset  for  serial 
port  input  etc. 

3.0  SUMMARY 

The  Greco  Systems  CNC  Minifile  Tape  Reader/Punch  Emulator 
performs  a  valuable  functicn  of  replacing  the  cumbersome  paper  tape 
technology  with  magnetic  diskettes.  Paper  tape  for  CNC  machines 
is  bulky  with  many  hundreds  of  feet  of  tape  for  relatively  simple 
parts  and  slow  to  generate.  Reliability  of  punched  data  at  1200 
baud,  the  fastest  for  the  FACIT  punch,  is  not  sufficient  as  too 
many  errors  are  produced.  This  reduces  the  real  maximum  to  600 
baud.  Parts  with  3-D  geometry  require  thousands  of  feet  of  tape. 
The  Minifile  allows  storage  of  360  KB  of  data  on  a  5-1/4  inch 
diskette  which  may  be  read  directly  into  a  CNC  machine  controller 
at  any  rate  dasired.  The  parallel  port  allows  emulation  of  a  tape 
reader  on  the  shop  floor,  simplifying  and  speeding  up  the 
preparation  cf  files.  XT-  and  AT-  compatible  Minifiles  add  to  the 
device's  utility. 
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